Introduction
============

Although the lung is a common site for metastases from various extrapulmonary malignancies, endotracheal or endobronchial metastases (EBM) are rare. The frequency of EBM varies according to the definition (range, 2-28%)[@B1],[@B2]. Rosenblatt et al.[@B1] reported that the incidence of EBM was as high as 50% in their postmortem examination of pulmonary metastatic disease. Braman and Whitcomb[@B2] reviewed the autopsies of patients who had died with solid tumors and reported that the incidence of EBM was as low as 2%. They counted only grossly notable endobronchial lesions. Various tumors have been associated with EBM. Treatment and management should be planned, according to the histology of the primary tumor, anatomic location, evidence of other metastasis, and the performance status of the patient. We have identified 13 studies in the literature that reviewed the prevalence and characteristics of EBM[@B2]-[@B14]. Because of low incidence of the EBM, as well as the different characteristics of each institute and the difference in time decades, the results vary from study to study. Since the last study[@B14], which was performed between 1992 and 2002, there was no further study published in the literature. Therefore, we evaluated the clinical, radiographic and bronchoscopic aspects of patients with EBM, who had been diagnosed in recent 10 years in our hospital. We reviewed the literature and compared our cases with the previously reported series.

Materials and Methods
=====================

Between Jan 1, 2001 and Dec 31, 2011, we retrospectively reviewed the patients who had undergone diagnostic procedures using fiberoptic bronchoscopy at Bundang CHA Medical Center (Seongnam, Korea). In the study period, a total of 1,271 biopsy procedures were performed using fiberoptic bronchoscopy. The procedures were diagnostic in 641 cases. Among them, 438 cases of malignancies were identified. An EBM was defined as bronchoscopically notable lesion, which was histopathologically identical to the primary tumor. Slides and reports of biopsy of the primary tumor and endobronchial biopsy material were compared to confirm the diagnosis of EBM. We investigated the estrogen/progesterone receptor status if the primary malignancy was breast cancer, and the human papillomavirus (HPV)-DNA pattern in case of uterine cervix cancer. If the histological differentiation of the endobronchial tissue is still unclear, we compared the immunohistochemical staining, HPV-DNA pattern for cervix cancer, or estrogen/progesterone receptor status for breast cancer. Data regarding the patients\' clinical characteristics, symptoms, radiographic and bronchoscopic findings were evaluated.

Results
=======

A total of eighteen patients were identified as having EBM from extrapulmonary malignancies. Among them, twelve patients were women (66.7%). The range of age was from 34 to 79 years with the median age of 53 years. The primary malignancies were 4 breast cancers, 4 colorectal cancers, 3 uterine cervix cancers, 2 renal cell carcinomas, 1 esophageal cancer, 1 cholangiocarcinoma, 1 melanoma, 1 uterine endometrial cancer, and 1 advanced gastric cancer. [Table 1](#T1){ref-type="table"} shows clinical characteristics of the patients.

Cough was the most frequent symptom (10 patients, 55.6%), followed by dyspnea (6 patients, 33.3%), purulent sputum (6 patients, 33.3%), and hemoptysis (2 patients, 11.1%).

The most frequent chest radiographic findings were obstructive atelectasis (5 cases) and diffuse infiltration (4 cases), followed by solitary nodule (3 cases), consolidation (2 cases), and multiple nodules (2 cases). In two cases, chest radiograph showed no abnormalities at all. The computed tomography scan of the chest was performed on all of the patients. It revealed lung mass or nodules (10 cases), increased peribronchial densities (8 cases), bronchial obstruction (5 cases), and consolidations (4 cases) ([Table 2](#T2){ref-type="table"}).

On bronchoscopic examination, all of the cases showed single lesion, except one case. The lesions were located in the segmental bronchus (10 cases), lobar bronchus (6 cases), and main bronchus (1 case). In one case, the lesions were found in multiple locations (right main bronchus and right lower lobe basal segmental bronchus) ([Table 3](#T3){ref-type="table"}).

The median time from the diagnosis of the primary malignancy to the diagnosis of EBM was 14.5 months (range, 0-112 months). Six patients were found to have EBM at the initial evaluation. The median time from the diagnosis of EBM to death or following loss was 3 months (range, 1-39 months). When we excluded the patients who were not followed after diagnosis, the median survival time was 10 months (range, 1-39 months) ([Table 4](#T4){ref-type="table"}).

Discussion
==========

Excluding sporadic case reports of EBM, we have identified 13 single-institute studies that systematically reviewed EBM from extrapulmonary malignancies[@B2]-[@B14] ([Table 5](#T5){ref-type="table"}). Among them, we could not acquire patient data of the study performed in Taiwan[@B10], although we had tried to contact the authors. When we put all the available data together, there were a total of 219 patients and the most common primary malignancy was breast cancer, followed by colorectal cancer and renal cell carcinoma ([Figure 1](#F1){ref-type="fig"}). Because the cancer incidence is different over decades, we divided the studies into two time periods, according to the publication year; before and after 2000.

When we analyzed the studies published before 2000, the most common primary malignancy was breast cancer, followed by colorectal cancer, renal cell carcinoma, and uterine cervix cancer. There were six cases of thyroid cancer, while there was only one case of gastric cancer ([Figure 2](#F2){ref-type="fig"}). However, in the studies published after 2000, the most common primary cancer was colorectal cancer, followed by breast cancer, renal cell carcinoma, and uterine body cancer. There were five cases of gastric cancer, while there was only one case of thyroid cancer ([Figure 3](#F3){ref-type="fig"}).

The international trends of increasing incidence of colorectal cancer may explain the change in the proportion of colorectal cancer, between the two study periods[@B15],[@B16]. However, we should pay attention to the difference in the ethnic background of each study. Among the eight studies published before 2000, except Taiwan study, four studies (53 patients, 39%) were performed in the Unites States, three studies (67 patients, 49%) were performed in Europe and one study (17 patients, 12%) was performed in East Asia. In contrast, among the five studies published after 2000, three studies (61 patients, 73%) were performed in East Asia, one study (15 patients, 18%) was performed in Turkey, and one study (8 patients, 9%) was performed in Greece. In the United States, the incidence of colorectal cancer is decreasing, while the international incidence of colorectal cancer is increasing[@B15], and there is no study performed in the Unites States among the later studies. Therefore, these studies cannot be generalized to other parts of the world, which have different ethnic backgrounds. Also, the difference in the ethnic background can explain the increased proportion of gastric cancer, which is more prevalent in East Asia[@B16], in the later studies.

The incidence of breast cancer is high in Western and Northern Europe, Australia, and North America; and low in Asia[@B16]. According to the Statistics Korea (<http://www.kosis.kr/abroad/abroad_01List.jsp>), the incidence of breast cancer in Korea is rising, however, the incidence of colorectal cancer is rising faster than that of breast cancer[@B17]. These trends can explain the change of proportion of breast cancer and colorectal cancer in the three Korean studies (including current one)[@B7],[@B13]. However, the data about the incidence of cancer in Korea can\'t explain why gastric cancer is not the most common primary malignancy in the Korean studies. Perhaps gastric cancer can be assumed to have lower potential of metastasis to the trachea or bronchus than colorectal cancer or breast cancer. Although there has been a substantial improvement in the understatng of tumor metastasis, it is still unclear why each cancer type has different metastatic potential and metastatic sites. The anatomical relationship of the lymph-vascular systems, tumor-induced angiogenesis or lymphangiogenesis, and different chemokines may explain the discrepancies between the cancer prevalence and endobronchial metastasis[@B18],[@B19].

The mean time from the initial diagnosis of primary malignancy to the diagnosis of endobronchial metastasis varies from 32.8 months[@B14] to 65.3 months[@B12] in other studies. In this study, the median time interval of 14.5 months is relatively shorter than that of the previous reports. However, in six patients, the EBM were found at the time of the initial diagnosis of primary malignancies. When we exclude these six patients, the median time interval was 21.5 months, which is similar to the previous studies.

Among the six patients who were diagnosed primary malignancies and EBM at the same time, two patients were considered to have primary bronchogenic carcinoma at first. However, the the result of immunohistochemical staining showed unusual patterns as a primary bronchogenic carcinoma, and further diagnostic workup revealed extrapulmonary malignancies: renal cell carcinoma and cholangiocarcinoma. In most of the cases, we could make the diagnoses of EBM by comparing the histologic and immunostaining patterns. In one case, the diagnosis of EBM was made after surgical resection of the primary cancer and pulmonary metastasectomy. In three cases of breast cancers, estrogen/progesterone receptor status further helped the diagnoses. Two cases of EBM from uterine cervix cancer were further confirmed by HPV-DNA analysis.

Management of EBM should be based on the histology of the primary tumor, anatomic location of EBM, other metastatic sites, and the performance status of the patients. In our series, 8 patients were treated with chemotherapy agents. If there was no other metastatic lesion and the primary lesion was expected to be controllable, surgical resection was performed (in 4 patients). The median survival of the patients who underwent surgical resection was 14 months (range, 3-39 months). Among them, one patient (cervix cancer) died from disease progression 10 months after surgical resection. A patient with colon cancer died from pneumonia 3 months after surgical resection. Other two patients (colon cancer and renal cell carcinoma) showed fairly long-term survival of 18 and 39 months, respectively. However, we could not analyze the benefit of surgical resection because the patient number was too small. Interventional bronchoscopy, such as neodymium doped-yttrium aluminum garnet (Nd-Yag) laser debulking or intraluminal radiotherapy can be used for palliation of symptoms[@B20]-[@B23]. The median survival from the diagnosis of EBM was 10 months in our study, and this is also similar to the survival data of the previous studies (range, 7-18 months)[@B9],[@B14]. The reason why renal cell carcinoma showed relatively long term survival compared to the other cancers in our study is unclear. Generally, the survival is dependent to a great degree on biologic behavior of the particular tumor and its responsiveness to the treatments. EBM is generally a manifestation of far advanced disease state. Therefore, survival after the diagnosis of EBM is poor.

In about 72% of the cases, the lesions were found in the right bronchial tree in our study. Lee et al.[@B7] reported 56% of EBM were found in the right bronchial tree. Heitmiller et al.[@B8] also reported 54%, Salud et al.[@B9] reported 56%, Kiryu et al.[@B12] reported 80%, Kim et al.[@B13] reported 70%, and Akoglu et al.[@B14] reported 56.5% of the lesions were found in the right bronchus. It is unclear why endobronchial metastasis is more frequently found in the right bronchial tree.

Cough was the most common symptom in our series (10 cases, 56%), followed by dyspnea (6 cases, 33%) and sputum (6 cases, 33%). Although there were some variations, cough and dyspnea were the most common symptoms in other studies[@B8],[@B9],[@B12]-[@B14]. Radiologic findings of this study were also similar to the results of the previous studies.

In conclusion, EBM from extrathoracic malignancies were rare. Reviewing a total of 18 cases of EBM of extrathoracic malignancies, we found colorectal cancer and breast cancer were the most common primary malignancies, followed by uterine cervix cancer. The cases we have reported are similar to those found in the previous studies, regarding their symptoms, radiological findings, and clinical outcomes. Fiberoptic bronchoscopy should be performed in all patients with extrapulmonary tumor, who are suspected to have endobronchial metastasis to differentiate it from the primary lung cancer. If atypical clinical features are present or atypical cell type is discovered by bronchoscopy, appropriate diagnostic studies should be undertaken.
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Patients characteristics
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^\*^TNM stage at initial diagnosis of primary malignancy. ^†^Time interval from initial diagnosis to endobronchial metastasis.

F: female; M: male; D: dyspnea; C: cough; S: sputum; N: no symptom; H: hemoptysis; P: pain; CT: chemotherapy; OP: operation; NT: no treatment; IT: immunotherapy; RT: radiotherapy.
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Radiologic findings
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CT: computed tomography.
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Location of lesions
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Survival times according to primary sites
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Summary of previous studies
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